Organic and inorganic-doped sol-gel glasses have been synthesized via thermal followed by microwave treatment. Tetramethoxysilane (TMEOS) was used as a precursor, whereas dopants used were Neodymium oxide, Urea (carbamide) or Thiourea (thiocarbamide) and the obtained formulations werereferred as Nd, U, and THU, respectively along with the undoped or plain glass (P). Colors of the as-prepared sol-gel glasses ranged from transparent colorless (P) to opaque dark purple (Nd). The latter colorcould be owed to the presence of the inorganic transition element oxide (Nd 2 O 3 ).In addition, THU had the smallest particle size range (< 250 microns), whereas the other three sol-gel glasses had larger particle sizes ranging from 250-630 microns.Thesynthesized sol-gel glasses were tested for their capacity to adsorb and remove Methylene Blue (MB) dye from aqueous solutions. Uexhibited the highestsorptioncapacitiesof 12.6 and 2.6 mg/g with removal efficiencies of 50.3 % and 83.2 %at 12 and 2 mg/L MB, respectively.These values were almost twice and 1.7 times those obtained by P at the higher and lower MB concentrations, respectively which indicates that doping with urea enhanced sorption through introducing new functional groups.Fourier transform Infrared (FTIR)spectroscopy revealed that carbonyl group on urea could be responsible for adsorption via electrostatic interaction between the negatively charged carbonyl oxygen of urea and the positively charged nitrogen or sulfur on MB, or through redox reactions between them.
I. Introduction
In material science, the sol gel process is a method by which monomers are converted into a colloidal solution known as sol, which acts as the precursor for an integrated network of polymers or discrete particles. Typically, metal alkoxides (MOR) are commonly used as precursors.
In the past 50 years and with the tremendously growing world's population and the consequent heavy industrial activities, water stress levels increased dramatically as a result of depositing large quantities of pollutants such as heavy metals, dyes, emerging organic pollutants, and others, in surface and underground water. This results in a bad quality of drinking water and aquatic ecosystems, leading to serious health and environmental problems. Consequently, water purification or decontamination became of utmost importance. The conventional adsorbents used for water treatment still suffer from lack of efficiency, especially for some of the toxic and non-biodegradable organic pollutants. Hence, there is a great need to find alternative adsorbent materials that can improve the efficiency while being synthesized in a simple manner. The "sol-gel" technique is a promising technique for synthesis of these adsorbents (Yongjun Chen et al., 2007; Zarzycki J. et al., 1997).
"Sol-gel" technique comprises various steps as illustrated in Figure 1 , starting with the preparation of a sol containing a precursor, followed by aging and deposition of the sol on a suitable support, then evaporation of the solvent and volatile compounds for gel formation and finally heat treatment for pyrolysis of remaining organics and densification of the film. The gels form silicates since they are neither highly electropositive nor liable to nucleophilic reactions (Rios P. F. et al., 2007).
"Sol-gel" can be prepared in numerous forms, including porous structures, thin fibers, dense powders and thin films (Gellermann C et al., 1997). 
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J. Sci. Res. Sci.,Vol. , since microwave-assisted synthesis offers faster, cleaner and more cost-effective synthesis routes than the conventional methods. Although the exact mechanism of interaction is not yet elucidated, the rapid heating achieved by microwaves could be owed to energy transfer occurring through resonance or relaxation. In microwave operation, heating is internally generated in the materials and consequently smaller thermal gradients are created which, in turn, potentially reduces cracking during the drying process (Mario A. et al., 2012). In addition to the main advantage that microwave heating reduces time, it reduces energy consumption (Ahmed M. S. et al., 1998).
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The aim of the present work is to synthesize sol-gel glasses to be utilized for water treatment applications. Plain sol-gel glasses and others doped with neodymium, urea and thiourea will be prepared using convenient thermal heating followed by microwave irradiation. These formulations will be henceforth referred to as P, Nd, U, and THU, respectively. The as-prepared sol-gel glasses will be tested for their adsorption capacity to remove Methylene Blue (MB) dye from aqueous solutions and their characteristic functional groups that might be responsible for adsorption will be determined by Fourier Transform Infrared Spectroscopy (FTIR). MB is an organic cationic water soluble dye that is used heavily in the textile industry and could also be found in industrial effluents ( 
II. Materials and Methods

II.1 Materials
Tetramethoxysilane ( 
II.2 Characterization
The as-prepared sol-gel glasses were characterized by Fourier Transform Infrared (FTIR)spectroscopy (Thermo Scientific, Nicolet 380), using 1-mm KBr pellets at a range of wave numbers of 500 to 4000 cm -1 .
II.3 Experimental
Preparation of Plain Sol-gel (P)
Plain sol-gel glass has been prepared at pH 2.5,by mixing solutions of TMEOS, methanol, distilled water andconcentrated nitric acid with molar ratios 0.05: 0.35: 0.55: 0.039, respectively, followed by stirring the mixed solution for 30 minutes at room temperature,and then heated in an oven adjusted at 60 o C for 7 days. Sample was then solidified and finally subjected to a microwave irradiation for 6 minutes (Olympic electric, model no. KOG-134K, Egypt, Power 20). Evaporation of the solvents led to shrinking and cracking of the plain sol-gel glass formed.
Preparation of Sol-gel with Inorganic Dopant With Metal Oxide (Nd 2 O 3 ) Dopant (Nd)
Neodymium sol-gel glass has been prepared at pH 2.5,by mixing solutions of Nd 2 O 3 , TMEOS, methanol, distilled water andconcentrated nitric acid with molar ratios0.027: 0.05: 0.35: 0.55: 0.039, respectively, followed by stirring the mixed solution for 30 minutes at room
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405 temperature,and then heated in an oven adjusted at 60 o C for 7 days. Sample was then solidified and finally subjected to a microwave irradiation for 6 minutes (Olympic electric, model no. KOG-134K, Egypt, Power 20). Evaporation of the solvents led to shrinking and cracking of the sol-gel glass formed.
Preparation of Hybrid Sol-gel (with Organic Dopants)
Urea (Carbamide) (U) or Thiourea (Thiocarbamide) (THU)
Hybrid sol-gel glasses were prepared in a manner similar to that of the inorganic doped glasses that is previously explained, but the organic dopant added is either urea or thiourea in an amount with molar ratio 0.039 mol.
Physical Properties of the Prepared Sol-gel Glasses
The optical properties and particle sizes of the prepared sol-gel glasses have been measured, recorded and given in Table 1 . Clearly, THU has the smallest particle size range (< 250), while the size of the other three sol-gel glasses ranges from 250-630 microns. Among the prepared solgel glasses, Nd exhibited the darkest color due to the presence of the transition element oxide (Nd 2 O 3 ). The results obtained are given in fig. 2 . 
II.4 Sorption of Methylene Blue (MB)Using Prepared Sol-gel Glasses
A mass of 0.01 g of each sol-gel glass prepared was added to 10 mL solutions of methylene blue (MB) with four different concentrations ranging from 2 to 12mg/L.Themixtures were then heated for 4 hourson a thermostatic shaking water bath (Shaking water bath (biobasebiodustry (Shandong) Co., Ltd, model SWB-C, China),adjusted at 27±1 0 C, after which were centrifuged for 5 minutes at 300 rpm. The supernatants were collected and their absorbances were measured using UV-VIS spectroscopy (Cary 500 Scan, Varian). All measurements were performed in duplicates and the concentrations were obtained from absorbances using a calibration curve,
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406 while the amount of MB adsorbed at equilibrium (q) was calculated using the following mass balance relation:
WhereC 0 is the MB initial concentration,V is the solution volume, and m is the mass of the solgel adsorbent.
The removal efficiency could be calculated using the following equation:
The results obtained are given in Tables 2-5. 
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III. Results and Discussion
Sorption capacities of the different synthesized sol-gel glasses and their % removal for 2 and 12 mg/L of MB are shown in Figures3A and B, respectively. It can be observed that the highest sorption capacity and % removal for the two employed MB concentrations were achieved by U. For the highest concentration; 12 mg/L of MB, U demonstrated a sorption capacity of 12.6 mg/g with a removal efficiency of 50.3 %. The corresponding values for the lowest concentration; 2mg/L of MB were 2.6 mg/g and 83.2 %, respectively. Increase in removal efficiency with concentration was reported in previous literature (El-Sayed and El-Sayed, 2014). Furthermore, sorption capacity and removal efficiency achieved by U were almost twice and 1.7 times those obtained by P at the higher and lower MB concentrations, respectively. This indicates that doping the plain sol-gel glass with urea enhanced its sorption characteristics probably due to the introduction of urea functional groups to the plain sol-gel. As for THU and Nd, they both showed comparable sorption capacities and removal efficiencies to that of P at the two employed MB concentrations; thus implying that neither doping with neodymium oxide (Nd 2 O 3 ) nor thiourea(THU) affected the sorption behavior of the sol-gel. Doping with neodymium oxide did not introduce any new functional groups to the sol-gel matrix and probably did not alter its pore structure in the manner that would affect its sorption capacity. Although thioureaintroduces new functional group to the sol-gel, yet it might have been used up in binding to the sol-gel matrix. In addition,thethiocarbonyl group of thioureacouldbe less reactive than the carbonyl group of ureatowards binding with MB, due to the electron deficiency of sulfur. 
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J. Sci. Res. Sci.,Vol. However, methylene blue (MB)is a well-known photosensitizer that tends to aggregate. Its aggregation negatively interferes with its singlet oxygen generation, thus MB aggregates tend to undergo electron transfer reactions, rather than energy transfer with oxygen.The high sorption efficiency of U to MBcould be attributed to the fact that urea destabilizes MB aggregates mainly by causing a decrease in the enthalpic gain of dimerization. This finding was reported in previous literature where they computed the free energy for the dimer association process (ΔG(dimer)) in aqueous solution as well as its enthalpic component in aqueous and in aqueous/urea solutions by molecular dynamics simulations, and they foundthatMB monomers are more stable in urea solutions (Nuñez SC et. al.,2015) .
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In addition, the interaction between MB and U could be due to an electrostatic attraction between the positively charged nitrogen or sulfur in MB and the lone pair of electrons on the carbonyl oxygen in urea, or alternatively via redox reaction between both of them. These properties are less pronounced in thiourea due to the acidity of electron deficient sulfur. The different forms of urea and thiourea are shown in Figure 4 . 
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Figure 4 Different forms of urea and thiourea
By inspecting the FTIR spectra of the synthesized sol-gel glasses (Figure 5 ), it can be inferred that P and Nd (Figures5A and 5D) prior to adsorption exhibit a broad peak at about 3430-3470 cm -1 pertaining to the OH stretching vibration, while after adsorption this peak is slightly shifted.
In addition, Nd shows a peak for the stretching vibration of Si-OH at about 942 cm -1 before adsorption which disappears after adsorption, while P exhibits a peak at 959 cm -1 which shifts to 972 cm -1 after adsorption. P also shows two peaks at 1650 and 1383 cm -1 which could be attributed to the stretching vibration of the C=O group and the bending vibration of the CH 3 group, respectively and these peaks remain unchanged after adsorption. The corresponding peaks for Nd appear at 1666 and 1342 cm -1 and these are shifted after adsorption. For both P and Nd, the peaks appearing before adsorption at about 1087 cm -1 remain unchanged after adsorption and these could be ascribed to the asymmetric vibration of Si-O-Si.
For U and THU (Figures5B and 5C), the peak shown before adsorption at about 3415-3425 cm -1 could be ascribed to the NH stretching vibration while the peak at about 3100 cm -1 could be attributed to the CH stretching vibration, and these peaks merge into one broad peak after adsorption. Furthermore, the CH 3 bending vibration peak appearing for U and THU before adsorption at 1384 cm -1 is not altered after adsorption, whereas the carbonyl peaks appearing at about 1650-1669 cm -1 prior to adsorption are slightly shifted after adsorption which confirms the interaction referred to earlier between the carbonyl group and MB. Moreover, the Si-O-Si peaks appearing for both U and THU at 1080 cm -1 before adsorption are slightly shifted after adsorption.
Amine form Imine form Figure 5 FTIR spectra of the prepared sol-gel glasses (P(A), U(B), THU(C) and Nd(D)), before and after adsorption.
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IV. Conclusion
Different doped and undoped sol-gel glasses were prepared by thermal followed by microwave treatment. The urea-doped glasses showed the highest sorption capacity and % removal for MB from aqueous solutions probably due to interaction between the nitrogen or sulfur groups on MB and the carbonyl carbon on urea. This interaction was confirmed by FTIR analysis.
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